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(54) Variable frequency clock control for microprocessor-based computer systems 



(57) A computer system including a microprocessor 
and a circuit to provide a clock signal for the microproc- 
essor is described. The circuit is responsive to a control 
signal for selecting a minimum clock signal frequency 
value and a maximum clock signal frequency value, with 
the maximum clock signal frequency value being adjust- 
ed in accordance with operating conditions of the central 
processor. Also the system includes a circuit which var- 
ies a magnitude of a supply voltage fed to the micro- 



processor in accordance with the temperature of the mi- 
croprocessor and the operating frequency of the micro- 
processor. This arrangement provides an advantage to 
save power in computers. It is particularly advantageous 
for portable computers such as notebook computers to 
conserve battery charge, minimize heat dissipation in 
the microprocessor, and to minimize the size and weight 
of the battery used in the notebook for a given operating 
duration requirement. 
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Description 

BACKGROUND OF T HE INVENTION 

This invention relates generally to computer sys- 
tems and more particularly to the power subsystems 
and clock subsystems employed in computer systems. 

As it is known in the art, computers have become 
ubiquitous. In particular a common type of computer 
the so-called "personal computer", which is based upon 
microprocessor technology uses a standard microproc- 
essor integrated circuit as the central processor of the 
computer to provide a system which is portable and gen- 
erally easily affordable by many types of individuals 

Microprocessors generally are synchronous cir- 
cuits, that is, they require a repetitive signal, commonly 
referred to as a clock signal for operation. It is also 
known that as technology advances, one desire is to 
provide microprocessors that are capable of operating 
at higher clock frequencies and have increasing circuit 
complexity. In a computer system which includes, in ad- 
dition to the microprocessor, memory and I/O devices 
such as an I/O interface coupled to a disk, the other de- 
vices in the computer system are typically also synchro- 
nous and require generation of clock signals for thoir op- 
eration. 

One configuration of a personal computer common- 
ly in use is the so-called "notebook" computer which is 
a portable computer that operates either under battery 
power or AC power from an AC power line when oper- 
ating under battery power, several problems are asso- 
ciated with so-called notebook computers, particularly 
those notebook computers which use microprocessors 
which operate at high clock frequencies and have high 
levels of circuit complexity Power consumption increas- 
es in proportion to the clock frequency and circuit com- 
plexity. Therefore, the power consumption of the micro- 
processor in such notebook type computers limits the 
duration of operation under a battery power source be- 
tween charges. 

Moreover, due to the increased power dissipation 
from the microprocessor, the ability to effectively man- 
age the heat generated from the microprocessor is also 
a concern since this heat must be dissipated to maintain 
the microprocessor at an acceptable operating temper- 
ature. 

In operation of the microprocessor, often long peri- 
ods of lime are consumed as idle time in which the mi- 
croprocessor is performing no useful work. Thus, even 
though the processor is in an idle state not performing 
any useful processing tasks, the processor is consum- 
ing power and dissipating heat. 

Past attempts to address some of the aforemen- 
tioned heat and power consumption properties of note- 
book computers, have included clock control circuits 
which turn the clock signal off to the microprocessor dur- 
ing periods of time when the computer system is on but 
the microprocessor is not actively engaged in a process- 



ing task. 

One problem with this approach is that by turning 
the clock signal off, certain types of microprocessors 
may lose information since some of the internal circuitry 
5 is dynamic, that is, requires constant power supply In 
particular, some complimentary metal-oxide semicon- 
ductor-based (CMOS) devices, such as the ALPHA 
AXP microprocessors manufactured by Digital Equip- 
ment Corporation require a minimum clock signal. 
1 o A second problem with the above approach when 
applied to high performance microprocessors having 
dynamic logic is that it does not take into consideration 
the temperature of the microprocessor nor the level of 
processing power required by the microprocessor to ad- 
equately perform all of its tasks and still conserve battery 
charge and maintain an acceptable operating tempera- 
ture for the microprocessor. 

In addition to the power and temperature problems 
with the aforementioned notebook type of computers 
*0 desk lop as well as other computer configurations like- 
wise have similar power and temperature considera- 
tions. For example, with desk top computers much proc- 
essor time is spent as idle time, and further often a user 
of the desk top computer will leave the computer "on" 
25 for extended time periods (such as overnight or over a 
week-end) without performing any useful work. This 
wastes power which is undesirable from an energy con- 
servation point of view. 

30 SUMMARY OF THE INVENTION 



The invention in its broad form resides in a compu- 
ter system as recited in Claim 1 and Claim 7. The inven- 
tion also resides in a method of operating a computer 
35 system as recited in Claim 9 

As described herein, a computer system includes a 
microprocessor, means for generating a clock signal, 
said means including means responsive to a control sig- 
nal for selecting a minimum clock signal frequency value 
40 and a maximum clock signal frequency value, and 
means for adjusting the maximum clock signal frequen- 
cy value in accordance with operating conditions of the 
central processor. With such an arrangement a tech- 
nique is provided to vary the clock frequency of dynamic 
45 circuits such as microprocessors having dynamic logic 
without loss of data or operation. Further, by providing 
means to adjust the maximum frequency of operation a 
technique is provided to permit the microprocessor to 
run at optimal speeds taking in consideration tempera- 
te ture and power consumption considerations. This ad- 
vantage is particularly important in portable computers 
such as notebook computers to conserve battery 
charge, minimize hoat dissipation in the microproces- 
sor, and to minimize the size and weight of the battery 
55 used in the notebook for a given operating di." ation re- 
quirement. 

As described in greater detail hereinafter, a compu- 
ter system includes a microprocessor and means for 



DOCID- <EC 0712O54A1 I - 



2 



3 



EP 0 712 064 A1 



4 



varying a magnitude of a supply voltage fed to the mi- 
croprocessor in accordance with the temperature of the 
microprocessor and the operating frequency of the mi- 
croprocessor. With such an arrangement, when the mi- 
croprocessor is operating at clock frequencies which 
permit the microprocessor to operate at a reduced sup- 
ply voltage, the means for varying the supply voltage 
can detect this and reduce the voltage thereby saving 
on power consumption from the battery when in portable 
notebooks and heat dissipation thus improving the reli- 
ability ol the microprocessor. This is a particular advan- 
tage for saving on power consumption and resulting 
heat dissipation, since power consumption is typically 
directly proportional to the square of the supply voltage. 

The means for generating a clock signal associated 
with the computer system includes means responsive 
to a control signal for selecting a minimum clock signal 
frequency value and a maximum clock signal frequency 
value. The computer system further includes means for 
adjusting the maximum clock signal frequency value in 
accordance with operating conditions of the central 
processor and means for varying a magnitude of a sup- 
ply voltage fed to the microprocessor in accordance with 
the temperature of the microprocessor and the operat- 
ing frequency of the microprocessor With such an ar- 
rangement, a technique is provided to vary the clock fre- 
quency of dynamic circuits such as microprocessors be- 
tween a minimum clock frequency and an adjustable 
maximum clock frequency of the microprocessor in ac- 
cordance with temperature and power consumption 
considerations. This advantage is particularly important 
in portable computers such as notebook computers to 
conserve battery charge, minimize heat dissipation in 
the microprocessor, and to minimize the size and weight 
of the battery used in the notebook for a given operating 
duration requirement. In addition, when the microproc- 
essor is operating at clock frequencies which permit the 
microprocessor to operate at a reduced supply voltage, 
the means for varying the supply voltage can detect this 
condition and reduce the supply voltage to the micro- 
processor reducing power consumption from the battery 
and heat dissipation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more detailed understanding of the invention may 
be had from the following description of a preferred em- 
bodiment, given by way of example and to be under- 
stood in conjunction with the accompanying drawings in 

which: 

FIG 1 is a block diagram of a computer system 
including a clock control circuit and power control 

circuit: 

FIG. 2 is a schematic diagram of the clock control 
circuit used in the computer system of FIG. 1 ; 
FIG 3 is a schematic diagram of the power control 
circuit used in the computer system of FIG. 1 ; 



FIG. 4 is a flow chart showing the steps executed 
by an application program and operating system 
running on the computer system of FIG. 1: 
FIGs. 5A and 5B are flow charts which show the 

5 steps implemented in a heat management tech- 

nique used in the computer of FIG. 1 
FIG. 6 is a flow chart showing the steps used to 
determine whether the computer system of FIG. 1 
can operate at reduced supply voltage; and 

10 FIG . 7 is a table used in an alternative for heat man- 
agement. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

75 

Referring now to FIG. 1 , a computer system 10 is 
shown to include a processor module 12 which is cou- 
pled to a main memory bank 14 and an I/O adapter or 
interface 16 via a computer system bus 18 as shown. 

20 The processor module 12 includes inter alia a CPU 13 
which is here a ALPHA AXP microprocessor from Digital 
Equipment Corporation, Maynard, Massachusetts. The 
ALPHA AXP microprocessor is here a reduced instruc- 
tion set (RISC) type microprocessor although other mi- 

2S croproccssors may alternatively be used. The computer 
module 1 2 further includes a clock control circuit 1 7 and 
a power control circuit 19 as will be further described in 
conjunction with FIGs. 2 and 3 below. 

Suffice it here to say, however, that the clock control 

30 circuit 17 distributes a plurality of clock signals via bus 
17b as needed to each of the modules in the computer 
system in accordance with the designed for character- 
istics of the computer whereas a variable speed clock 
signal as will be described is provided from the clock 

35 control module 17 to the processor 13 via line 17b. In 
some applications it might be desirable to distribute a 
variable speed clock to additional modules in the sys- 
tem. 

The power control circuit 1 9 is resident on the proc- 

40 essor board and delivers supply voltages of here 2.9 
volts, 3.3 volts and 5.0 volts to the microprocessor on 
the module 12. Here, there are additional power control 
circuits (not shown) to provide power to other modules 
in the computer system 10 as needed. In some imple- 

45 mentations, it may be desirable to provide switched 
power to additional modules in the system. 

The microprocessor 13 is shown to further include 
a healsink 22 which is disposed over the actual micro- 
processor chip used to implement the microprocessor 

so as diagrammatically depicted in FIG. 1. The heatsink 
has embedded in or attached thereto a thermistor 21 . 
Thermistor 21 is fed a voltage signal here illustratively 
3.3 volts from the power sequence circuit 19 and pro- 
vides an output signal to a microcontroller 20 via line 

55 21 a. The magnitude of the voltage signal provided from 
the thermistor varies in accordance with the tempera- 
ture of the thermistor 21 . 

Microcontroller 20 is coupled to the system bus and 
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is used to read the value of resistance from the thermis- 
tor 21 disposed on heatsink 22 and to convert the value 
of resistance to a temperature using known techniques 
Thus also included within the microcontroller 20 is an 
analog digital converter which converts the analog rep- s 
resentation of the resistance provided from thermistor 
21 to a digital value which can be looked up in a table 
of values or calculated to determine a temperature 
which the resistance value represents. 

The microcontroller 20, in addition, implements a w 
heat-management algorithm which will be discussed 
further in conjunction with FIGS. 4 through 7. The im- 
plementation of the heat-management algorithm pro- 
vides values of the maximum clock frequency for the mi- 
croprocessor in accordance with the operating condi- is 
tions which the microprocessor is being exposed to In 
addition, the microcontroller also provides signals to 
vary the supply voltage provided to the microprocessor 
to enable the microprocessor to operate at a reduced 
voltage under certain circumstances as will be de- zo 
scribed below. 

Referring now to FIG. 2, clock control circuit 17 is 
shown to include a decoder 30 which here is fed select- 
ed bits from bus 20a from the microcontroller 20 and is 
used to form signals CLKREG_LATCH and ss 
PWREG_LATCH which are respectively used to load a 
pair of clock registers 34a and 34b and a power circuit 
control register 32 respectively as shown. The clock 
control logic 1 7 is further shown to include a multiplexer 
36 which is fed via the outputs of registers 34a and 34b 30 
and which provides its output to a programmable phase 
lock loop (PLL) circuit 38. The PLL circuit 38 here Part 
No. ICS1561A obtained from Integrated Circuit Sys- 
tems, Inc. is fed at the input terminals thereof with data 
corresponding to the contentsof one of the registers 34a 3s 
and 34b selected in accordance with the signal, 
"IDLE/BUSY" fed to a select input to the multiplexer 36 
The PLL circuit 38 provides at the output thereof a pair 
of differential clock signals CLK and CLK_N which have 
a frequency corresponding to the data fed to terminal D 40 
of the PLL 38. The bus 20a coupled to the system bus 
18 through an interface (not shown) thus loads register 
34a with a digital value which will provide at the output 
of the PLL 38 a clock signal having a minimum clock 
frequency which typically, in the case of the aforemen- 45 
tioned (CMOS) dynamic type of logic would be the min- 
imum clock frequency necessary to maintain refresh op- 
eration on the dynamic logic in the circuit whereas the 
second register 34b would be fed with data correspond- 
ing the maximum clock frequency which would be either so 
the maximum clock frequency under which the central 
processing unit can operate or some other maximum 
clock frequency as determined by temperature and 
power consumption considerations as will be described 
below m conjunction with the heat management algo- ss 
rithms. 3 

The logic state of signal "IDLE/BUSY" is set to the 
idle state by using the idle thread in the host operating 



system. The idle thread sets a bit "IDLE" in a register 31 
which can be a control and status register located in the 
I/O adapter 16 (FIG. 1 ) or elsewhere. This bit is used to 
reset a state device 31 a. Gate 31b is used to set the 
state device 31a and has various inputs including sig- 
nals .ndicating a DMA (direct memory access) opera- 
tion an interrupt, and an exception. Also a signal 
IDLE_N from an inverter is fed to gate 31 b to block qate 
31b when the IDLE bit is asserted. 

Referring now to FIG. 3, the power control circuitry 
19 is shown to include a DC-to-DC converter generally 
denoted as 40 which includes a control input 42 which 
senses the output of the DC-to-DC converter and at- 
tempts to maintain that output within a predetermined 
value set by the input voltage at terminal VFB. Terminal 
VFB (feedback voltage terminal) is coupled to a 
switched resistive voltage divider network 44 The net- 
work 44 includes a fixed resistance value 45 and pair of 
resistors 46a, 46b disposed in parallel, with resistors 
46a, 46b being coupled in series with resistor 45. 

Resistor 46a has coupled in series therewith a tran- 
sistor 48 which is controlled via signal TURBO When 
TURBO is asserted, and thus transistor 48 is on, resistor 
46a is electrically in parallel with resistor 46b and thus 
the effective resistance of the resistors is the parallel 
combination of the resistors 46a, 46b. Thus, the voltage 
divider ratio is the effective resistance of the parallel 
combination of resistors 46a and 46b divided by the sum 
of the effective resistance of resistors 46a and 46b and 
resistor 45. When TURBO is not asserted, the transistor 
is in a "off state" and the resistor 46a is not electrically 
m parallel with resistor 46b, and thus the effective volt- 
age across resistor 46b is the ratio of resistor 46b to the 
sum of resistors 45 and 46b. With TURBO asserted 
therefore the effective voltage is higher since the effec- 
tive value of resistor 46b is reduced by the parallel com- 
bination of resistor 46a and resistor 46b. Therefore the 
ratio provided by the voltage divider 44 is adjustable in 
accordance with the state of signal TURBO Thus the 
voltage fed to terminal VFB and hence the value of the 
output voltage at the output of the DC-DC converter is 
determined in accordance with the logic state of sianal 
"TURBO". M 

TURBO is asserted when the processor is operating 
at the maximum clock frequency for the processor and 
maximum supply voltage. The signal is de-asserted 
when it is desired to the lower the magnitude ol supply 
voltage provided to the CPU and lower the clock fre- 
quency When the frequency of the clock signal is below 
the maximum operating value, it is also permissible to 
operate the central processor at a reduced supply volt- 
age and still provide valid performance. For the proces- 
sor mentioned above, the maximum frequency of oper- 
ation is 166 MHz with a supply voltage of 3.3 volts 
whereas at frequencies of 140 MHz or less the proces- 
sor can be operated at 2.9 volts. Referring now to FIG 
4, one technique for determining when the microproc- 
essor is in an idle state is shown The microprocessor 
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under control of an application program as shown in flow 
72 executes an instruction or action at step 72a, and at 
step 72b, requests the operating system to wait for a 
specified event. Such an event could be illustratively a 
key being depressed on a keyboard, a disk access to 5 
be completed or some other event. At step 74a, the op- 
erating system shown by thread 74 waits for the event 
to occur and at step 74b executes an idle thread which 
is a software module within the operating system which 
places the operating system in an idle mode until the 10 
event being waited for is completed. During the execu- 
tion of the idle thread, however, here the operating sys- 
tem "WINDOWS NT" from Microsoft Corp. is modified 
to set the "IDLE" bit in a control and status register lo- 
cated in the I/O adapter 16 of the computer system is 
shown in FIG. 1 . 

Writingthe IDLE bit in the control and status register 
initiates a process to change the processor frequency 
between the minimum and the maximum frequencies in 
accordance with microprocessor usage. The period of 20 
time over which the idle thread will set the idle bit to the 
control and status register can be a fixed time or the 
operating system can be configured such that the period 
of time is adjustable by a user. 

Once the awaited event occurs, the hardware at 2S 
step 74e will set the IDLE/BUSY state device 31a to the 
busy state. This action can occur either by an interrupt, 
DMA exception, or other type of action, as noted above. 
The operating system is also interrupted which gets the 
operating system out of the idle thread. After servicing, 30 
the interruption returns control back to the executing 
program which requested the action, as shown in string 
72. Thus, the requested event will be received at step 
72c and executed at step 72a. The thread will be con- 
tinued for subsequent actions by the application pro- 35 
gram 72. 

A heat-management algorithm as will be now de- 
scribed is also implemented in the microcontroller in or- 
der to periodically calculate in accordance with operat- 
ing conditions a new or updated maximum frequency -to 
either higher than, lower than or the same as, a current 
maximum frequency of operation of the processor 1 3. 

Referring now to FIGs. 5A and 5B, a preferred al- 
gorithm for implementing the heat management for the 
computer system shown in FIG. 1 is shown. The algo- ■*$ 
rithm shown in FIG. 5A is implemented in the microcon- 
troller 20 although other approaches could alternatively 
be used. The algorithm 80 depicted in FIGs. 5A and 5B 
is used to calculate a temperature upon which to make 
decisions whether or not operating parameters of the so 
microprocessor 12 should be changed. In a preferred 
approach a predicted rather than a current temperature 
is calculated and is used to determine whether to make 
changes in operating parameters of the microprocessor 
1 2. That is, a predicted temperature is calculated for one 55 
or more measurement intervals beyond the current 
measurement interval to determine actions to be taken 
with respect to the frequency of operation of the micro- 



processor and the supply voltage provided to the micro- 
processor. This approach minimi7es oscillatory affects 
which can occur by using current temperature readings 
of a microprocessor as will be described later although 
the latter approach of using current temperature read- 
ings would be an alternative approach to implement a 
heat management system. 

As shown in step 82 in FIG. 5A, a measurement is 
made of the resistance of the thermistor 21 (FIG. 1) at 
a time t 1 to provide a resistance value RT V After a pre- 
determined delay t (step 83). i.e. a measurement inter- 
val of here ten seconds, a second measurement of the 
resistance RT 2 of thermistor 21 is provided at time t 2 . 
Although ten seconds is here a preferred delay period 
any delay period can be used. The resulting values RT., 
and RT 2 are converted to temperatures T 1 and T 2 at step 
85. The slope (m) or the change in temperature psr.unit 
time is calculated at step 86. At step 87 a predicted tem- 
perature is extrapolated for a K number of time intervals. 
The value of K can vary between zero and any number 
with a preferred range of values for K being one to three. 
The value of K corresponds to the number of time inter- 
vals beyond the present interval it is desired to extrap- 
olate to a predicted temperature. 

The product of K and the slope m when added to 
the current temperature T 2 provides a predicted temper- 
ature T p which is an expected temperature at a subse- 
quent time interval t 2 _ k . Thus, if the value of K is one, the 
predicted temperature T p is the temperature expected 
in a one subsequent measurement interval. If the value 
of K is zero then the predicted temperature T p is simply 
the current temperature T 2 . 

As shown in FIG. 5B, the predicted temperature, T p 
is then compared to the maximum temperature for the 
microprocessor at step 88. If the maximum temperature 
is exceeded, then at step 89, the microcontroller 20 ac- 
cesses a frequency table (not shown) to provide the next 
lowest frequency in the table, and lowers the frequency 
of operation of the microprocessor 12 to the new fre- 
quency in accordance with the IDLE/BUSY signal ex- 
plained above. The digital code representing the lower 
frequency value is loaded as the new maximum fre- 
quency value at step 95 into the register 34b (FIG. 2). 
Control is then returned to the beginning of the thread 
shown in FIG. 5A. 

On the other hand, if the maximum temperature is 
not exceeded at step 88, then the microcontroller at step 
90 tests whether the predicted temperature is below the 
minimum temperature If it is not below the minimum 
temperature, then control is again returned to step A. If 
it is below the minimum temperature, the microcontroller 
20 determines whether TURBO has been asserted. If 
TURBO has not been assorted, then at step 92, the mi- 
crocontroller again accesses the frequency table to pro- 
vide a higher frequency to be loaded as a new maximum 
frequency value at step 95. However, since TURBO was 
determined to be "not asserted" at step 91 , the frequen- 
cy table which the microcontroller 20 accesses is limited 
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to only those frequencies which can operate with the re- 
duced supply voltage. If TURBO was asserted at step 
91. however, then at step 93, the microcontroller ac- 
cesses the complete frequency table to provide a higher 
frequency to load as a new "max" frequency value in 
step 95 and the control is then returned to the beginning 
of the thread. 

Referring now to FIG. 6, a separate thread executed 
by the microcontroller is shown. This thread reads the 
current operating frequency of the microprocessor at 
step 92. and at step 94, determines whether the current 
operating frequency is less than or equal to the operat- 
ing frequency at which the microprocessor can operate 
at a reduced supply voltage. If the current frequency is 
a frequency in which the microprocessor can be oper- 
ated at a reduced supply voltage, the microcontroller as- 
serts signal REDUCE.Vto reduce the supply voltage to 
the microprocessor and returns control back to the main 
thread being executed in the microcontroller 20 

Referring now to FIG. 7, an alternative algorithm 
which can be implemented for heat management is 
shown to include a table 110 which has a first field 112 
listing available, allowable CPU operating frequencies 
a second field 114 which has listed acceptable supply 
voltages corresponding to the operating frequencies in 
field 11 2 and a third field which has a fan setting 1 1 6 for 
those systems which incorporate a fan in the computer 
The current temperature read from the thermistor is 
used as an index into the table 1 1 0 to provide as outputs 
thereof the next operating frequency of the CPU supply 
voltage of the CPU, and a fan setting of the computer 
Having described preferred embodiments of the in- 
vention, it will now become apparent to those of skill in 
the art that other embodiments incorporating its con- 
cepts may be provided. It is felt therefore that this inven- 
tion should not be limited to the disclosed embodiments 
but rather should be limited only by the appended 
claims. 
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Claims 

1 - A computer system comprising: 

a microprocessor including a central process- 
ing unit: 

means for generating a clock signal, said 
means including means responsive to a control 
signal for selecting a maximum clock signal fre- 
quency value, and 

means for adjusting the maximum clock signal 
frequency value in accordance with operating 
conditions, including the temperature of the 
central processing unit. 

*. The apparatus as recited in Claim 1 wherein said 
means for adjusting the maximum clock signal fre- 
quency value further comprises 
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means for sensing the temperature of operation 
of the central processing unit, wherein said 
means for sensing the temperature of a central 
processing unit comprises a thermistor. 

• The apparatus as recited in Claim 1 wherein said 
means for generating a clock signal further com- 
prises means for selecting a minimum value of clock 
frequency and said means for selecting a minimum 
and a maximum value of clock frequency com- 
prises: 

a storage register for storing the minimum value 
and maximum value of a clock signal; and 
means responsive to a control signal provided 
from said means for adjusting for selecting the 
minimum value of the clock signal when the 
processor is determined to be in an idle state 
and for selecting a maximum value of the clock 
signal when the processor is determined to be 
in an active state. 

The apparatus as recited in claim 1 wherein said 
means for adjusting comprises: 

a microcontroller coupled to a system bus inter- 
connecting said processor to the computer sys- 
tem, wherein said microcontroller comprises 

means responsive to a signal indicating a 
temperature of operation of the processor 
for adjusting the frequency of operation of 
the microprocessor in accordance with a 
present temperature of the microproces- 
sor. 



5. The apparatus as recited in claim 4 wherein said 
means for adjusting the frequency adjusts the fre- 
quency in accordance with a predicted temperature 
of the microprocessor, with said predicted temper- 
ature being determined in accordance with the 
present temperature and change in the present 
temperature over at least one measurement time 
interval, wherein said means for generating a clock 
comprises: 

a programmable phased lock loop which is fed 
digital data corresponding to either the mini- 
mum or maximum clock frequency 

6. The apparatus as recited in claim 1 wherein said 
apparatus further comprises: 

means for varying a magnitude of a supply volt- 
age fed to the microprocessor in accordance 
with the temperature of the microprocessor and 
the operating frequency of the microprocessor 
wherein said means for varying a magnitude of 
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a supply voltage comprises: 

a DC to DC converter to provide a supply 
voltage to the microprocessor: and 
a switchable voltage divider, responsive to s 
a control signal for varying a voltage across 
the voltage divider in accordance with the 
state of the control signal with said voltage 
across the voltage divider being fed back 
to the DC to DC converter to change the 10 
magnitude of the supply voltage from the 
DC to DC converter 

7. A computer system comprising: 

75 

a microprocessor: 

means for varying a magnitude of a supply volt- 
age fed to the microprocessor in accordance 
with the temperature of the microprocessor and 
the operating frequency of the microprocessor. 20 

8. The apparatus as recited in claim 7 wherein said 
means for varying a magnitude of a supply voltage 
comprises: 

2S 

a DC to DC converter to provide a supply volt- 
age to the microprocessor: and 
a switchable voltage divider responsive to a 
control signal for varying a voltage across the 
voltage divider in accordance with the state of 30 
the control signal, with said voltage across the 
voltage divider being fed back to the DC to DC 
converter to change the magnitude of the sup- 
ply voltage from the DC to DC converter further 
comprising: 35 

means for generating a clock signal, said 
means including means responsive to a 
control signal for selecting a minimum 
clock signal value and a maximum clock JO 
signal value: and 

means for adjusting the maximum clock 
signal value in accordance with operating 
conditions of the central processor. 

45 

9. A method of operating a computer system com- 
prises the steps of: 

generating a clock signal for use by a micro- 
processor said clock signal having a minimum so 
clock frequency value and a maximum clock 
frequency value: 

selecting the minimum clock frequency value 
when the microprocessor in an idle state: 
selecting the maximum clock frequency value ss 
when the microprocessor is in an operating 
state; and 

adjusting the maximum clock frequency value 



in accordance with operating conditions of the 
central processor 
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